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I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1 -38 as originally filed 

Claims, No.: 

1-17 with telefax of 10/12/1999 

Drawings, sheets: 

1/15-15/15 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

Kl neither restricted nor paid additional fees. 



Form PCT/IPEA/409 (Boxes I- VIII. Sheet 1 ) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GB98/02823 



2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 
□ complied with. 

not complied with for the following reasons: 



see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

H the parts relating to claims Nos. 1-13. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-13 

No: Claims 

Inventive step (IS) Yes: Claims 1-13 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-13 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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IV Lack of Unity 

Reference is made to the following documents: 

D1: Engstrand B: 'Pneumatics: A force beyond virtual reality' Hydraulics and 
Pneumatics, vol. 49, no. 7, 1 July 1996, pages 35-38, XP000595310 

The application lacks unity within the meaning of Rule 13 PCT for the following 
reasons: 

The common concept linking together independent claims 1,9, 14 and 16 is the 
following: 

An apparatus comprising means for applying a perturbing force to a load (actuators) 
and (compliant) means for supporting the load (weight of the platform). 

This common concept is not novel, see document D1, page 37-38, sections headed, 
"Compliance and hardware" and, "Basic hardware", these describe the use of 
pneumatic cylinders to provide perturbing forces and valves which in conjunction with 
the compressed air in the cylinders provides the compliant means for supporting the 
load, see also page 35, second column, first paragraph. 

Hence the Examining Division considers that the following separate inventions or 
groups of inventions are not so linked as to form a single general inventive concept: 

1 Claims 1-13: Apparatus for imparting motion to a load and for controlling 

relative motion in a plurality of degrees of freedom between a 
platform and a reference plane, comprising independent 
actuating and compliant support means and means of varying the 
compliant support. 

2 Claims 14-15: Apparatus for controlling relative motion in a plurality of degrees of 

freedom between a platform and a reference plane, wherein the 
support means are each associated with an actuator. 

3 Claims .16-17: Apparatus for controlling relative movement in a plurality of 

degrees of freedom between a platform and a reference plane, 
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wherein restraint means are provided for preventing unwanted 
movement of the motion platform. 

As no reply was received to the invitation to restrict the application or pay additional 
fees, this report is drawn up for claims 1-13 only. 

VIII Certain observations on the international application 

1 The subject-matter of claim 1 is unclear (Article 6 PCT). 

It is clear from the description (page 5, last paragraph - page 6, first paragraph) 
that the compliant support means act to store and deliver energy from and to the 
load. In claim 1 the compliant support means are described as acting to store or 
deliver energy from or to the load, this implies the compliant support means either 
provide energy transfer to the load or from the load, but not both. This implies that 
an apparatus comprising compliant support means providing constant support 
during operation includes this feature. 

For the purposes of the statement under Article 35(2) (see point V below), this 
feature is interpreted as meaning the compliant support means act to store and 
deliver energy to and from the load. 

2 Claim 1 does not meet the requirements of Article 6 PCT in that the matter for 
which protection is sought is not clearly defined. The claim attempts to define the 
subject-matter in terms of the result to be achieved which merely amounts to a 
statement of the underlying problem. The technical features necessary for 
achieving this result should be added. 

3 The embodiments of the invention described on pages 8-12, 21-26 and shown in 
figures 1 and 2 do not fall within the scope of the claims. This inconsistency 
between the claims and the description leads to doubt concerning the matter for 
which protection is sought, thereby rendering the claims unclear (Article 6 PCT). 

4 The subject-matter of claim 12 is rendered unclear by the phrase, "modified by 
changing the mean of gas". 
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V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1.1 The subject-matter of claim 1 is considered to be novel (Article 33(2) PCT) as 
none of the available prior art shows an apparatus for imparting motion to a load 
comprising independent actuating and compliant support means wherein the 
compliance of the compliant support means can be varied during operation to 
store energy from and deliver energy to the load. 

1 .2 Document D1 , which is considered to represent the closest prior art, describes an 
apparatus for imparting motion to a load comprising means for providing 
compliant support to the load and for applying forces to the load. The subject- 
matter of claim 1 differs from this known apparatus in that it contains the additional 
features that the compliant support means acts independently of the means for 
applying forces to the load to store or deliver energy to or from the load and the 
apparatus further comprises means for varying the compliance of the compliant 
support means during operation. 

The problem to be solved by the above invention is to minimise the power 
consumption of the apparatus. 

The solution given in the subject-matter of claim 1 is considered to be inventive 
(Article 33(3) PCT) as it is not known or obvious from the available prior art to 
provide independent, operationally variable compliant support means which can 
be varied in order to store or deliver energy from or to the load, thereby reducing 
the amount of power needed for the means for applying forces to the load. 

Document WO 93/01577 (D2) shows a system with compliant support means, 
however this system only supports the load and cannot deliver energy to and from 
the load. 

2 Claims 2-8 are dependent on claim 1 and as such also fulfil the requirements of 
the PCT with regard to novelty and inventive step. 

3.1 The subject-matter of claim 9 is considered to be novel (Article 33(2) PCT) as 

none of the available prior art shows an apparatus for controlling relative motion in 
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a plurality of degrees of freedom, with one or more actuators and compliant 
support means, wherein the compliance can be dynamically varied in a manner 
related to the forces applied by the actuator means and in order to modify these 
forces. 

3.2 Document EP 0 761 266 (D3) is regarded as being the closest prior art. This 
document shows an apparatus for controlling relative motion in a plurality of 
degrees of freedom between a platform and a reference plane (see abstract, col. 
4, line 51 -col. 5, line 38 and figures 5-7), comprising compliant means for 
supporting the weight of the platform (fig 5 (21 )), one or more actuators for 
applying perturbing forces between the platform and the reference plane (col. 5, 
lines 3-14), and control means for controlling the actuator to move in one direction 
or the other whereby to displace the platform with respect to the reference plane 
(col. 5, lines 32-38). 

The subject-matter of D1 differs from this known apparatus in that the compliance 
of the compliant support means is dynamically varied in a manner related to the 
perturbing force applied to the load. 

The problem to be solved is regarded as being to minimise the power 
consumption of the apparatus. 

The solution proposed in claim 9 is regarded as being inventive as the available 
prior art does not disclose or hint at the use of dynamically varying the compliance 
to modify the required forces and save power consumption. 

4 Claims 10-13 are dependent on claim 9 and as such also meet the requirements 
of the PCT with regard to novelty and inventive step. 
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VII Certain defects in the international application 



1 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

2 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1 and D3 is not mentioned in the description, nor are 
these documents identified, therein. 
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39 
CLAIMS 

1. •' Apparatus for imparting motion to a load comprising 
means for providing compliant support no the load and. for 
5 applying forces to the load whereby to cause the position 
thereof- to change characterised in than the means for 
applying forces to the load act independently of the said 
ccmplianc support means to apply perturbing forces to the 
load, in that the compliant support means acts to store 

10 or deliver energy from or to the load as a consequence of 
motion imparted thereto by the said means for applying 
perturbing forces, and in that means for varying the 
compliance of the said compliant support means are 
provided, operable to vary the said compliance during 

15 operation of the apparatus together wich or separately 
from the operation of the said means for applying 
perturbing forces to the load. 

2 . Apparatus according to Claim 1 , in which the said 
2 0 means for applying forces to the load comprise an 
actuator having at least one dsgree of freedom, operative 
to apply an intermittent perturbing force to the said 
load whereby to cause displacement thereof, and the 
compliant support is capable of applying a force to the 
25 said load in" addition to the said intermittent perturbing 
force, the means for varying the compliance of the said 
compliant support means being controlled to act in a 
manner related to the force applied to the load whereby 
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to cooperate 'actively in the displacement thereof. 

3. Apparatus according to Claim 1 or Claim 2, in which 
the means for applying the perturbing force is an 
5 electromagnetic actuator. 

4 . Apparatus according to Claim 3 , in which the 
actuator is a linear electromagnetic actuator. 

;i 10 5. -Apparatus according to Claim 3 or Claim 4, in which 

the variation in compliance is controlled in dependence 
on the electrical current required to accelerate the 
load. 

15 6. Apparatus according to any of Claims 3 to 5, in 
which the variation in compliance is controlled by 
signals generated as an integral of a position error 
signal applied to the electromagnetic actuator. 

20 1. Apparatus according to any of Claims 1 to 6 , in 
which at least part of the compliant means is a gas 
spring and the variation in compliance is achieved by 
varying the mass of gas contained within a chamber of 
variable volume. 

25 

8. . Apparatus according to Claim 1, in which at least 
part of the compliant means is a gas spring and the 
variation in compliance is achieved by controlling valves 
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which allow gas into and/or out from the said chamber. 

9> Apparatus for controlling relative mocion in a 
plurality of degress of freedom between a platform -and a 
5 reference plane, comprises compliant means for supporting 
the weight of a platform, one or more actuators for 
applying perturbing forces between the platform and the 
reference plane , ana control means for controlling the or 
each actuator to move in one direction or the other 

10 whereby to displace the platform with respect to the 
reference plane, characterised in that the compliance of 
the compliant support means is variable, and there, are 
provided means for dynamically varying the compliance 
thereof in a manner related to the perturbing forces 

15 applied to the load by the actuator means whereby to 
modify the said forces. 

10. ; Apparatus according to Claim 3, in which the 
actuators have pivotal connections to the part of the 

2G apparatus defining the fixed reference plane, whereby 
each actuator is constrained to turn about the pivotal 
connection within a respective plane . 

11. ■ Apparatus according to Claim 9 or Claim 10, in which 
25 a supporting member is connected with universal freedom 

between the motion platform and the said reference plane. 

12. : Apparatus according to Claim 11, in which the 
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compliance of the said compliant support means is 
modified by.- changing the mean of gas enclosed wichin a 
fas spring element . 

5 13. Apparatus according to Claim 12, in which the 
inclination between the actuators and the horizontal 
plane with the motion platform at a rest position is 
approximately 4 5°. 

10 14. Apparatus for controlling relative motion in a 
plurality of degrees of freedom between a motion platform 
and .a reference plane, comprising means for supporting 
the weight of the motion platform, one or more actuators 
for applying perturbing forces between the platform and 

15 the reference plane, and control means for controlling 
the or each actuator whereby to vary the position and/or 
orientation of the platform, with respect to the reference 
plane, characterised in that the means for supporting the 
weight of the motion platform comprise respective 

20 compliant support members each associated with a 
respective said actuator. 

15. Apparatus according to Claim 14, in which the ratio 
between the diarr.eter of the circumscribing circle around 
25 the : points of attachment of the ends of the actuators to 
the. motion platform with respect to the diameter of the 
circumscribing circle around the points of attachment 
around the ends of the actuators to the part of the 
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apparatus defining the reference plane is in the region 

of 1:1.5. : y 

1-S . Apparatus for controlling relative movement in a 
5_ plurality of degress of freedom between a motion platform 
and a reference plane, comprising compliant means for 
supporting the weight of a platform, one or more 
actuators for applying a perturbing force between the 
platform and the reference plane, and control means for 

.'•( 10 controlling the or each actuator to vary the position 

and/or orientation of the platform wich respect to the 
reference plane by operation of the actuators, in which 
there is further provided restraint means for preventing 

• (i '■ movement of the motion platform in relation to the 

IS reference plane in unwanted degrees of freedom, 

17. Apparatus according to Claim 16, in which the said 
' " restraint mechanism comprises or includes a bellows unit. 
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paid to USPTO $710.00 

Neither international preliminary examination fee (37 CFR 1.482) 

nor international search fee (37 CFR 1.445(a)(2)) paid to 

USPTO $1,000.00 

International preliminary examination fee paid to USPTO 

(37 CFR 1.482) and all claims satisfied provisions of 

PCT Article 33(2)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT 

Surcharge of $130.00 for furnishing the oath or declaration later 
than O 20 O 30 months from the earliest claimed priority 
date (37 CFR 1.492(e)) 



CALCULATIONS (PTO USE ONLY) 



$860.00 



$0.00 



CLAIMS 



Total claims 



NUMBER 
FILED 



23 - 20 ■■ 



NUMBER 
EXTRA 



RATE 



X $18.00 



$54.00 



Independent claims 



3 = 



0 



X $80.00 



$).00 



Multiple Dependent Claim(s) (If applicable) 



X $270.00 



$0.00 



TOTAL OF ABOVE CALCULATIONS = 



$914.00 



if 
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Reduction of 1/2 for filing by small entity, if applicable. Verified 
Small Entity Statement must also be filed (Note 37 CFR 1.9, 1.27, 
1.28) 


$ 




SUBTOTAL = 


$914.00 




Processing fee of $130.00 for furnishing the English translation 
later than Q 20 |~] 30 months from the earliest claimed 
nrioritv date (37 CFR 1 492(Trt + 


$0.00 




TOTAL NATIONAL FEE = 


$914.00 




Fee for recording the enclosed assignment (37 CFR 1.21(h)). The 
assignment must be accompanied by an appropriate cover sheet 






TOTAL FEES ENCLOSED = 


$914.00 




Amount to be: 
refunded 


$ 


charged 
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a. X A check in the amount of $914.00 to cover the above fees is enclosed 



b. Q Please charge my Deposit Account No. 16-0631 in the amount of $ to cover the 

above fees. A duplicate copy of this sheet is enclosed. 

c. [>3 The Commissioner is hereby authorized to charge any additional fees which may be 
required, or credit any overpayment to Deposit Account No. 16-0631. A duplicate copy of this 
sheet is enclosed. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a 
petition to revive (37 CFR 1.137(a) or (b)) must be filed and granted to restore the 
application to pending status. 
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Patterson, Thuente, Skaar & Christensen, P.A( 
4800 IDS Center 
80 South Eighth Street 
Minneapolis, MN 55402-2100 
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PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the application of: Attorney Docket No.: 1101.99US01 

Eidesmo et al. 

Application No.: Based on PCT Application No. PCT/GB99/02823 
Filed: February 22, 2001 

For: METHOD AND APPARATUS FOR DETERMINING THE NATURE OF 
SUBTERRANEAN RESERVOIRS 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the above-identified application as follows: 



In the Claims 

Please cancel claims 1-22 without prejudice or disclaimer. 
Please add new claims 23-45 as follows: 
23. A method of determining the nature of a submarine or subterranean reservoir whose 
approximate geometry and location are known, which comprises: 

applying a time varying electromagnetic field to the strata containing the 
reservoir; detecting the electromagnetic wave field response; and analysing the 
effects on the characteristics of the detected field that have been caused by the 
reservoir, thereby determining the content of the reservoir, based on the analysis. 



Based on PCT Application No. PCT/GB99/02823 

24. The method as claimed in claim 23, wherein the field is applied using at least one 
stationary transmitter located on the earth's surface. 

25. The method as claimed in claim 24, wherein the at least one transmitter is located 
proximate a bed of a body of water, the bed including a seabed. 

26. The method as claimed in claim 23, wherein the detection is carried out by at least one 
stationary receiver located on the earth's surface. 

27. The method as claimed in claim 24, wherein the at least one receiver is located proximate 
a bed of a body of water, the bed including a seabed. 

28. The method as claimed in claim 23, wherein the transmitted field is in the form of a 
wave. 

29. The method as claimed in claim 23, wherein the field is transmitted for a period of time 
of from 30 seconds to 60 minutes. 

30. The method as claimed in claim 23, wherein the field is transmitted for a period of time 
of from 3 minutes to 30 minutes. 
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31. The method as claimed in claim 26, in which the receivers are arranged to detect a direct 
wave and a wave reflected form the reservoir, and the analysis includes extracting phase and 
amplitude data of the reflected wave from corresponding data from the direct wave. 

32. The method as claimed in claim 28, wherein the wavelength of the transmitted wave is 
given by the formula 

0.1s<X<10s; 

where X is the wavelength of the transmission through an overburden overlying a reservoir and s 
is the distance from a seabed to the reservoir. 

33. The method as claimed in claim 28, wherein a distance between a transmitter and a 
receiver is given by the formula 

0.5X<1<10^; 

where X is the wavelength of the transmission through an overburden and 1 is the distance 
between the transmitter and the receiver. 

34. The method as clamed in claim 33, in which, substantially, 
1 = 2s - 2k. 

35. The method as claimed in claim 23, wherein the transmission frequency of the time 
varying electromagnetic field is from 0.1 Hz to 1 kHz. 
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36. The method as claimed in claim 35, wherein the transmission frequency of the time 
varying electromagnetic field is from 1 to 50 Hz. 

37. The method as claimed in claim 23, in which a first transmission by at least one 
transmitter is made at a first frequency and is received by each receiver in a tuned array of 
receivers, then a second transmission is made at a second frequency and received by the same 
tune array of receivers, the receivers being tuned to receive their respective transmission, the at 
least one transmitter being tuned for optimum transmission. 

38. The method as claimed in claim 23, wherein the analysis includes comparing the results 
of measurements taken with results of a mathematical simulation model based on known 
properties of the reservoir and conditions of an overburden. 

39. The method as claimed in claim 28, including suppressing a direct wave, thereby 
reducing the required dynamic range of receivers receiving a reflected wave and increasing 
resolution of the reflected wave. 

40. Apparatus for determining the nature of a subterranean reservoir having a content, the 
approximate geometry and location of the subterranean reservoir being known, comprising: 

means for applying a time varying electromagnetic field to the strata 
containing the reservoir; means for detecting the electromagnetic wave field 
response; and 



Based on PCT Application No. PCT/GB99/02823 
means for analyzing the effects on the detected field that have been caused 
by the reservoir, thereby enabling the content of the reservoir to be determined 
based on the analysis. 

41. Apparatus as claimed in claim 40, wherein the means for applying the field comprises at 
least one transmitter and the means for detecting the field comprises an array of receivers. 

42. Apparatus as claimed in claim 41, in which the transmitter and receivers comprise dipole 
antennae or coils. 

43 . Apparatus as claimed in claim 4 1 , wherein a plurality of transmitters are employed. 

44. Apparatus as claimed in claim 40, in which the analysing means is arranged to analyze 
phase and amplitude. 

45. The method of claim 23 including as preliminary steps; performing a seismic survey to 
determine the geological structure of a region and analyzing the survey to reveal the presence of 
a subterranean reservoir. 

Remarks 

By this Amendment, claims 1-22 are canceled and new claims 23-45 are added. 
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In view of the foregoing, it is submitted that this application is in condition for 



allowance. Favorable consideration and prompt allowance of the application are respectfully 



The Examiner is invited to telephone the undersigned if the Examiner believes it 



would be useful to advance prosecution. 



Customer No. 241 1 3 \_ 
Patterson, Thuente, Skaar & Christensen, P.A. 
4800 IDS Center 
80 South 8th Street 
Minneapolis, Minnesota 55402-2100 
Telephone: (612) 349-5747 



requested. 



Respectfully submitted, 




•hh'F. ThWb 
sgistrationNb. 29,595 
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ATTACHMENT 
REDLINED AMENDMENT 

Claims As Amended 
Please cancel claims 1-22 without prejudice or disclaimer. 
Please add new claims 23-45 as follows: 

23. A method of determining the nature of a submarine or subterranean reservoir whose 
approximate geometry and location are known, which comprises: 

applying a time varying electromagnetic field to the strata containing the 
reservoir; detecting the electromagnetic wave field response; and analysing the 
effects on the characteristics of the detected field that have been caused by the 
reservoir, thereby determining the content of the reservoir, based on the analysis. 

24. The method as claimed in claim 23, wherein the field is applied using at least one 
stationary transmitter located on the earth's surface. 

25. The method as claimed in claim 24, wherein the at least one transmitter is located 
proximate a bed of a body of water, the bed including a seabed. 

26. The method as claimed in claim 23, wherein the detection is carried out by at least one 
stationary receiver located on the earth's surface. 
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27. The method as claimed in claim 24, wherein the at least one receiver is located proximate 
a bed of a body of water, the bed including a seabed. 

28. The method as claimed in claim 23, wherein the transmitted field is in the form of a 
wave. 

29. The method as claimed in claim 23, wherein the field is transmitted for a period of time 
of from 30 seconds to 60 minutes. 

30. The method as claimed in claim 23, wherein the field is transmitted for a period of time 
of from 3 minutes to 30 minutes. 

31. The method as claimed in claim 26, in which the receivers are arranged to detect a direct 
wave and a wave reflected form the reservoir, and the analysis includes extracting phase and 
amplitude data of the reflected wave from corresponding data from the direct wave. 

32. The method as claimed in claim 28, wherein the wavelength of the transmitted wave is 
given by the formula 

0.1s <X< 10s; 

where X is the wavelength of the transmission through an overburden overlying a reservoir and s 
is the distance from a seabed to the reservoir. 
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33. The method as claimed in claim 28, wherein a distance between a transmitter and a 
receiver is given by the formula 

0.5 ^ < 1 < 10 X; 

where X is the wavelength of the transmission through an overburden and 1 is the distance 
between the transmitter and the receiver. 

34. The method as clamed in claim 33, in which, substantially, 
1 =2s-2X. 

35. The method as claimed in claim 23, wherein the transmission frequency of the time 
varying electromagnetic field is from 0.1 Hz to 1 kHz. 

36. The method as claimed in claim 35, wherein the transmission frequency of the time 
varying electromagnetic field is from 1 to 50 Hz. 

37. The method as claimed in claim 23, in which a first transmission by at least one 
transmitter is made at a first frequency and is received by each receiver in a tuned array of 
receivers, then a second transmission is made at a second frequency and received by the same 
tune array of receivers, the receivers being tuned to receive their respective transmission, the at 
least one transmitter being tuned for optimum transmission. 
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38. The method as claimed in claim 23, wherein the analysis includes comparing the results 
of measurements taken with results of a mathematical simulation model based on known 
properties of the reservoir and conditions of an overburden. 

39. The method as claimed in claim 28, including suppressing a direct wave, thereby 
reducing the required dynamic range of receivers receiving a reflected wave and increasing 
resolution of the reflected wave. 

40. Apparatus for determining the nature of a subterranean reservoir having a content, the 
approximate geometry and location of the subterranean reservoir being known, comprising: 

means for applying a time varying electromagnetic field to the strata 
containing the reservoir; means for detecting the electromagnetic wave field 
response; and 

means for analyzing the effects on the detected field that have been caused 
by the reservoir, thereby enabling the content of the reservoir to be determined 
based on the analysis. 

41. Apparatus as claimed in claim 40, wherein the means for applying the field comprises at 
least one transmitter and the means for detecting the field comprises an array of receivers. 

42. Apparatus as claimed in claim 41, in which the transmitter and receivers comprise dipole 
antennae or coils. 
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Based on PCT Application No. PCT/GB99/02823 



43 . Apparatus as claimed in claim 4 1 , wherein a plurality of transmitters are employed. 

44. Apparatus as claimed in claim 40, in which the analysing means is arranged to analyze 
phase and amplitude. 

45. The method of claim 23 including as preliminary steps; performing a seismic survey to 
determine the geological structure of a region and analyzing the survey to reveal the presence of 
a subterranean reservoir. 
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Method and Apparatus for Determining 
the Nature of Subterranean Reservoirs 



The present invention relates to a method and 



5 apparatus for determining the nature of submarine and 

subterranean reservoirs. More particularly, the invention 
is concerned with determining whether a reservoir, whose 
approximate geometry and location are known, contains 
hydrocarbons or water. 

10 Currently, the most widely used techniques for 

geological surveying, particularly in sub-marine 
situations, are seismic methods. These seismic techniques 
are capable of revealing the structure of the subterranean 
strata with some accuracy. However, whereas a seismic 

15 survey can reveal the location and shape of a potential 
reservoir, it cannot reveal the nature of the reservoir. 

The solution therefore is to drill a borehole into 
the reservoir. However, the costs involved in drilling an 
exploration well tend to be in the region of £2 5m and 

20 since the success rate is generally about 1 in 10, this 
tends to be a very costly exercise. 

It is therefore an object of the invention to provide 
a system for determining, with greater certainty, the 
nature of a subterranean reservoir without the need to 

25 sink a borehole. 

According to one aspect of the invention, there is 
provided a method of determining the nature of a 
subterranean reservoir whose approximate geometry and 
location are known, which comprises: applying a time 

30 varying electromagnetic field to the strata containing the 
reservoir; detecting the electromagnetic wave field 
response; and analysing the effects on the characteristics 
of the detected field that have been caused by the 
reservoir, thereby determining the content of the 
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reservoir, based on the analysis. 

According to another aspect of the invention, there 
is provided apparatus for determining the nature of a 
subterranean reservoir whose approximate geometry and 
5 location are known comprising: means for applying a time 

varying electromagnetic field to the strata containing the 
reservoir; means for detecting the electromagentic wave 
field response, and means for analysing the effects on the 
detected field that have been caused by the reservoir, 

10 thereby enabling the content of the reservoir to be 
determined based on the analysis. 

It has been appreciated by the present applicants 
that while the seismic properties of oil -filled strata and 
water-filled strata do not differ significantly, their 

15 electromagnetic resistivities/ permittivities do differ. 

Thus, by using an electromagnetic surveying method, these 
differences can be exploited and the success rate in 
predicting the nature of a reservoir can be increased 
significantly. This represents potentially an enormous 

20 cost saving . 

The technique is applicable in exploring land-based 
subterranean reservoirs but is especially applicable to 
submarine, in particular sub-sea, subterranean reservoirs. 
Preferably the field is applied using one or more 
stationary transmitters located on the earth's surface, 
and the detection is carried out by one or more stationary 
receivers located on the earth's surface. In a preferred 
application, the transmitter (s) and/or receivers are 
located on or close to the seabed or the bed of some other 
area of water. Conveniently, there will be a single 
transmitter and an array of receivers, the transmitter ( s) 
and receivers being dipole antennae or coils, though other 
forms of transmitter/receivers can be used. Also, if 
improved directionality of the emitted field is desirable, 
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30 
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then a plurality of transmitters with phase adjustment can 
be used. 

Electromagnetic surveying techniques in themselves 
are known. However, they are not widely used in practice. 
5 In general, the reservoirs of interest are about 1 km or 
more below the sea bed. In order to carry out 
electromagnetic surveying in these conditions, with any 
reasonable degree of resolution, short wavelengths are 
necessary. Unfortunately, such short wavelengths suffer 

10 from very high attenuation. Long wavelengths do not 

provide adequate resolution. For these reasons, seismic 
techniques are preferred. 

However, while longer wavelengths applied by 
electromagnetic techniques cannot provide sufficient 

15 information to provide an accurate indication of the 
boundaries of the various strata, if the geological 
structure is already known, they can be used to determine 
the nature of a particular identified formation, if the 
possibilities for the nature of that formation have 

20 significantly differing electromagnetic characteristics. 

The resolution is not particularly important and so longer 
wavelengths which do not suffer from excessive attenuation 
can be employed. 

The resistivity of sea water is about 0.3 ohm-m and 

25 that of the overburden beneath the sea bed would 

typically be from 0.3 to 4 ohm-m, for example about 2 ohm- 
m. However, the resisitivty of an oil reservoir is likely 
to be about 50 ohm-m. This large difference can be 
exploited using the techniques of the present invention. 

30 Typically, the resisitvity of a hydrocarbon-bearing 

formation will be 20 to 400 times greater than water- 
bearing formation. 

Due to the different electromagnetic properties of a 
gas/oil bearing formation and a water bearing formation, 
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one can expect a reflection of the transmitted field at 
the boundary of a gas/oil bearing formation. However, the 
similarity between the properties of the overburden and a 
reservoir containing water means that no reflection is 
5 likely to occur. 

The transmitted field may be pulsed, however, a 
coherent continuous wave with stepped frequencies is 
preferred. It may be transmitted for a significant period 
of time, during which the transmitter should preferably be 

10 stationary, and the transmission stable. Thus, the field 
may be transmitted for a period of time from 3 0 seconds to 
6 0 minutes, preferably from 3 to 30 minutes, for example 
about 20 minutes. Preferably, the receivers are arranged 
to detect a direct wave and a wave reflected from the 

15 reservoir, and the analysis includes extracting phase and 
amplitude data of the reflected wave from corresponding 
data from the direct wave . 

The direct wave, which progresses via the sea water 
and the surface layers of the overburden, will reach the 

20 receivers first and will be much stronger than the later 

reflected waves. In an alternative system, therefore, the 
direct wave may be suppressed, using known techniques. 
This means that the receivers used will not require such a 
large dynamic range . 

25 Preferably, the wavelength of the transmission is 

given by the formula 

0 . IS < X < 10S; 

30 where X is the wavelength of the transmission through the 
overburden and s is the distance from the seabed to the 
reservoir. More preferably X is from about 0.5s to 2s. 
This may be achieved by adopting a transmission frequency 
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from 0.1 Hz to 1 kHz, preferably from 1 to 50 Hz, for 
example 2 0 Hz. 

In a preferred regime, a first transmission is made 
at a first frequency and received by each receiver in a 
5 tuned array of receivers, then a second transmission is 

made at a second frequency and received by the same tuned 
array of receivers, the receivers being tuned to receive 
their respective transmission. This would probably be 
repeated several more times, though it may only be carried 
10 out once. 

Preferably, the analysis includes comparing the 
results of the measurements taken with the results of a 
mathematical simulation model based on the known 
properties of the reservoir and overburden conditions. 
15 Preferably, the distance between the transmitter and 

a receiver is given by the formula 

0.5 X < 1 < 10 X; 

20 where X is the wavelength of the transmission through the 
overburden and 1 is the distance between the transmitter 
and the first receiver. 

Given that the distance s and the geometry of the 
reservoir will be known from previous seismic surveys, an 

25 optimum X and 1 would be selected. 

Where dipole antennae are used these may be fixed, 
however, they are preferably adapted antennae which can be 
tuned for optimum transmission and reception in dependence 
upon the frequency of the transmission and its wavelength 

30 through the overburden. This may be achieved by altering 
their effective length either by remote controlled relays 
or by electronic switching systems. In addition, the 
driving circuit may be tuned in order to increase the 
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bandwidth . 

Preferably, the analysing means is arranged to 
analyse phase and amplitude. 

If a location of interest is considered, a 
5 mathematical modelling operation may be carried out. 

Thus, the various relevant parameters, such as depth and 
expected resistivities of the various known strata in the 
overburden are applied to the mathematical model and the 
expected results are calculated in dependence upon whether 
10 a formation under consideration is oil-bearing or water- 
bearing. The theoretically predicted results can then be 
compared with the actual results achieved in the field in 
order to determine the nature of the formation. 

The present invention also extends to a method of 
15 surveying subterranean measures which comprises ,- 

performing a seismic survey to determine the geological 
structure of a region; and where that survey reveals the 
presence of a subterranean reservoir, subsequently 
performing a method as described above. 

20 The invention may be carried into practice in various 

ways and some embodiments will now be described by way of 
example with reference to the accompanyingr drawings, in 
which: - 

Figure 1 is a schematic section of a system in 
25 accordance with the invention. 

Figure 1 shows a section through a region which has 
already been the subject of a seismic survey. The 
geological structure is known and consists of several 
strata which form an overburden 11 above a reservoir layer 
30 12 and underlying strata 13 . The top of the overburden is 
a seabed 14 above which is, of course, sea water 15. 

In order to determine whether or not the reservoir 
layer 12 is hydrocarbon -bearing, an electromagnetic . 
surveying technique is carried out. A vessel 16 lays a 
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cable 17 on the seabed 14 . The cable 17 includes an 
electromagnetic transmitter 18 and several receivers in 
the form of dipole antennae, three of which 21, 22, 23 are 
shown . 

5 The thickness s of the overburden 11 is known to be 

1000 m. The depth of the water is about 800 m, though 
this is of no particular significance. Under these 
circumstances, the distance 1 between the transmitter 18 
and the middle antenna 22 is arranged to be 2000 m, i.e. 
10 2s. The distance between adjacent antennae is about 100 m. 

In all, the length of the cable 17 is likely be about 4000 
m . 

When the cable 17 is in position on the seabed 14, 
the transmitter 18 is activated and transmits an 

15 electromagnetic field in the form of a wave. The 

transmission frequency is in the range of about 1 to 3 0 Hz 
and the specific value is selected to produce a wavelength 
X in the overburden which is approximately equal to s, 
that is to say, A. s 1000 m. The transmitter 18 is tuned 

20 for optimum transmission and the antennae 21-23 are tuned 
to receive transmissions at X = 1000 m. The antennae 21- 
23 receive a direct wave 24 from the transmitter and also 
respective reflected waves 25, 26, 27 which are reflected 
by the reservoir layer 12 if the layer 12 is hydrocarbon- 

25 bearing. The received direct wave 24 and received 

reflected waves 25-27 are analysed and compared with for 
example the results of forward modelling calculations 
based on the seismics and typical overburden electrical 
characteristics and from the results, a judgement can be 

30 made as to the nature of the layer 12. 

Typically, a frequency of 20 Hz might be selected 
initially. This would result in a wavelength of 400 m in 
the sea water and a wavelength of about 1000 m in the 



8 



overburden. The wavelength in the layer 12, if 
hydrocarbon-bearing would be about 5000 m. Under these 
circumstances, the attenuation would be: 
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Direct Wave 



Antenna loss 



-40dB 



Propagation loss 



-HOdB 



Reflected Wave 
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Antenna loss 



-4 0dB 



Propagation loss 
Reflection loss 



-150dB 



-2 0dB 



The demanded dynamic range of the receiver system 
15 will then be 210 dB - 150 dB = 60 dB . By appropriate 

suppression of the direct wave, this demand will decrease 
dramatically and the resolution of the reflected signal 
will possibly be increased. 

The transmission would be carried out for several 
20 minutes at a continuous power level of perhaps 10 kw. 

This procedure is then repeated at a different 
frequency. This would result in different wavelengths and 
possibly consequent re -tuning of the antennae system. At 
a frequency of for example 5Hz, the wavelength in sea 
25 water would be 8 00 m and the wavelength in the overburden, 
about 2 00 0 m. The wavelength in the layer 12, if 
hydrocarbon-bearing, would be 10 km. The attenuation 
would be : 

30 Direct Wave 



Antenna loss 



-4 0dB 



Propagation loss 



-5 5dB 
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Reflected Wave 
Antenna loss -4 0dB 

Propagation loss -75dB 
Reflection loss -30dB 

5 

The demand for dynamic range of receiver system is 
now 145 dB - 95 dB = 50 dB . 

In a preferred regime, the frequency would be 
increased stepwise over a range, for example 5 to 2 0 Hz. 

10 The entire procedure can then be repeated in 

different locations and at different orientations. It 
will also be appreciated that by repeating the procedure 
after a period of production, the change in condition of a 
reservoir can be determined. This can be of value in 

15 assessing the positions in a particular field where 

hydrocarbons might still be present, and where the well 
might be depleted. 



10 



Claims : 

1 . A method of determining the nature of a submarine or 
subterranean reservoir whose approximate geometry and 
location are known, which comprises: applying a time 

5 varying electromagnetic field to the strata containing the 
reservoir; detecting the electromagnetic wave field 
response; and analysing the effects on the characteristics 
of the detected field that have been caused by the 
reservoir, thereby determining the content of the 
10 reservoir, based on the analysis. 

2. A method as claimed in Claim 1, in which the field is 
applied using one or more stationary transmitters located 
on the earth's surface. 

15 

3. A method as claimed in Claim 1 or Claim 2, in which 
the detection is carried out by one or more stationary 
receivers located on the earth's surface. 

20 4 . A method as claimed in Claim 2 or Claim 3 , in which 
the transmitter and/or receivers are located on or close 
to the seabed or the bed of some other area of water. 

5 . A method as claimed in any preceding Claim, in which 
25 the transmitted field is in the form of a wave. 

6. A method as claimed in any preceding Claim, in which 
the field is transmitted for a period of time from 3 0 
seconds to 60 minutes. 

30 

7. A method as claimed in Claim 6, in which the 
transmission time is from 3 minutes to 30 minutes. 
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8. A method as claimed in any of Claims 3 to 7, in which 
the receivers are arranged to detect a direct wave and a 
wave reflected from the reservoir, and the analysis 
includes extracting phase and amplitude data of the 
reflected wave from corresponding data from the direct 
wave . 

9 . A method as claimed in any of Claims 5 to 8 , in 
which the wavelength of the transmission is given by the 
formula 

0 .Is < X < 10s, • 

where X is the wavelength of the transmission through the 
overburden and s is the distance from the seabed to the 
reservoir. 

10. A method as claimed in any of Claims 5 to 9, in which 
distance between the transmitter and a receiver is given 
by the formula 

0.5 X < 1 < 10 X; 

where X is the wavelength of the transmission through the 
overburden and 1 is the distance between the transmitter 
and the receiver. 

11. A method as claimed in Claims 9 and 10, in which, 
substantially, 
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12. A method as claimed in any of Claims 3 to 11, in 
which the transmission frequency is from 0.1 Hz to 1 kHz. 

13. A method as claimed in Claim 12, in which the 
5 transmission frequency is from 1 to 50 Hz. 

14 . A method as claimed in any of Claims 3 to 13 , in 
which a first transmission is made at a first frequency 
and received by each receiver in a tuned array of 

10 receivers, then a second transmission is made at a second 
frequency and received by the same tune array of 
receivers, the receivers being tuned to receive their 
respective transmission, the transmitter (s) also being 
tuned for optimum transmission. 

15 

15. A method as claimed in any preceding Claim, in which 
the analysis includes comparing the results of the 
measurements taken with the results of a mathematical 
simulation model based on the known properties of the 

20 reservoir and overburden conditions . 

16. A method as claimed in any of Claims 8 to 15, which 
includes suppressing the direct wave, thereby reducing the 
required dynamic range of the receivers and increasing the 

25 resolution of the reflected wave . 

17. Apparatus for determining the nature of a 
subterranean reservoir whose approximate geometry and 
location are known comprising: means for applying a time 

30 varying electromagnetic field to the strata containing the 
reservoir; means for detecting the electromagnetic wave 
field response, and means for analysing the effects on the 
detected field that have been caused by the reservoir, 
thereby enabling the content of the reservoir to be 
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determined based on the analysis . 

18. Apparatus as claimed in Claim 17, in which the means 
for applying the field comprises a transmitter and the 

5 means for detecting the field comprises an array of 
receivers . 

19. Apparatus as claimed in Claim 18, in which the 
transmitter and the receivers comprise dipole antennae or 

10 coils. 

20. Apparatus as claimed in any of Claims 17 to 19, in 
which there are more than one transmitter. 

15 21. Apparatus as claimed in any of Claims 17 to 20, in 

which the analysing means is arranged to analyse phase and 
amplitude . 

22. A method of surveying subterranean measures which 
20 comprises; performing a seismic survey to determine the 
geological structure of a region; and where that survey 
reveals the presence of a subterranean reservoir, 
subsequently performing a method as claimed in any of 
Claims 1 to 16 to determine the nature of the reservoir. 
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Abstract 

A system for determining the nature of a subterranean 
reservoir 12 whose position and geometry is known from 
5 previous seismic surveys. An electromagnetic field 24, 

25, 26, 27 is applied by a transmitter 18 on the seabed 14 
and detected by antennea 21, 22, 23 also on the seabed 14. 
The nature of the detected reflected waves 25, 26, 27 is 
used to determine whether the reservoir 12 contains water 
10 or hydrocarbons . 
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